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(54) Switching power supply apparatus with active voltage clamp circuit 



(57) An active clamp circuit is provided on the pri- 
mary side of a complex resonance type switching con- 
verter having a parallel resonant circuit on the primary 
side and a parallel resonant circuit or a series resonant 
circuit on the secondary side. The active clamp circuit 



clamps a parallel resonance voltage pulse generated 
across a primary-side parallel resonant capacitor to 
thereby lower the level of the parallel resonance voltage 
pulse. Thus, withstand voltage of components such as 
switching devices and the primary-side parallel reso- 
nant capacitor can be lowered. 
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Description 

[0001] The present invention relates to a switching 
power supply circuit to be used as a power supply for 
various electronic apparatus. 5 
[0002] Switching converters such as flyback convert- 
ers and forward converters are widely known as switch- 
ing power supply circuits. These switching converters 
form a rectangular waveform in switching operation, and 
therefore there is a limit to suppression of switching 
noise. It is also known that because of their operating 
characteristics, there is a limit to improvement of power 
conversion efficiency. Hence, various switching power 
supply circuits formed by resonance type converters 
have been proposed. A resonance type converter 
makes it possible to readily obtain high power conver- 
sion efficiency, and to achieve low noise because the 
resonance type converter forms a sine-wave waveform 
in switching operation. The resonance type converter 
has another advantage of being able to be formed by a 
relatively small number of parts. 

[0003] Fig. 5 is a circuit diagram showing an example 
of a prior art switching power supply circuit. The power 
supply circuit shown in Fig. 5 is supplied with a commer- 
cial alternating-current input voltage VAC, and then a 
rectified and smoothed voltage Ei is generated by a full- 
wave rectifier circuit comprising a bridge rectifier circuit 
Di and a smoothing capacitor Ci. 
[0004] A self-excited voltage resonance type convert- 
er circuit that includes a switching device Q1 and per- 
forms switching operation by a so-called single-ended 
system is provided as a switching converter for inter- 
rupting the rectified and smoothed voltage Ei inputted 
from the full-wave rectifier circuit. A BJT (Bipolar Junc- 
tion Transistor), which is a high withstand voltage bipo- 
lar transistor, is employed as the voltage resonance type 
converter in this case. 

[0005] An isolating converter transformer PIT trans- 
mits switching output of the switching device Q1 to the 
secondary side of the switching power supply circuit. As 
shown in Fig. 6, the isolating converter transformer PIT 
has an E-E-shaped core formed by combining E-shaped 
cores CR1 and CR2 made for example of a ferrite ma- 
terial in such a manner that magnetic legs of the core 
CR1 are opposed to magnetic legs of the core CR2. A 
primary winding N1 and a secondary winding N2 are 
wound around a central magnetic leg of the E-E-shaped 
core in a state divided from each other by using a divid- 
ing bobbin B. Also, a gap G is formed in the central mag- 
netic leg, as shown in Fig. 6, to provide loose coupling 
at a required coupling coefficient. The gap G can be 
formed by making the central magnetic leg of each of 
the E-shaped cores CR1 and CR2 shorter than two out- 
er magnetic legs of each of the E-shaped cores CR1 
and CR2. The coupling coefficient is set at 0.85, for ex- 
ample, to provide a loosely coupled state, whereby a 
saturated state is not readily obtained. 
[0006] As shown in Fig. 5, an ending point of the pri- 



mary winding N1 of the isolating converter transformer 
PIT is connected to a collector of the switching device 
Q1, while a starting point of the primary winding N1 is 
connected to a positive electrode of the smoothing ca- 
pacitor Ci via a resonance current detecting winding ND. 
Hence, the primary winding N1 is supplied with the 
switching output of the switching device Q1, whereby 
an alternating voltage whose cycle corresponds to the 
switching frequency of the switching device Q1 occurs 
in the primary winding N1. 

[0007] An alternating voltage induced by the primary 
winding N1 occurs in the secondary winding N2 on the 
secondary side of the isolating converter transformer 
PIT. In this case, a secondary-side parallel resonant ca- 
pacitor C2 is connected in parallel with the secondary 
winding N2, and therefore leakage inductance L2 of the 
secondary winding N2 and capacitance of the second- 
ary-side parallel resonant capacitor C2 form a parallel 
resonant circuit. The parallel resonant circuit converts 
the alternating voltage induced in the secondary winding 
N2 into a resonance voltage, whereby voltage reso- 
nance operation is obtained on the secondary side. 
[0008] The power supply circuit is provided with a par- 
allel resonant circuit to convert switching operation into 
voltage resonance type operation on the primary side, 
and the parallel resonant circuit to provide voltage res- 
onance operation on the secondary side. The switching 
converter provided with resonant circuits on the primary 
side and the secondary side as described above is re- 
ferred to as a "complex resonance type switching con- 
verter." 

[0009] As for secondary-side operation of the isolat- 
ing converter transformer PIT, mutual inductance M be- 
tween inductance L1 of the primary winding N1 and in- 
ductance L2 of the secondary winding N2 becomes +M 
or -M, depending on winding direction of the primary 
winding N1 and the secondary winding N2, a connecting 
relation of a rectifier diode DO, and change in polarity of 
the alternating voltage induced in the secondary winding 
N2. For example, an equivalent of a circuit shown in Fig. 
7A has a mutual inductance of +M, while an equivalent 
of a circuit shown in Fig. 7B has a mutual inductance of 
-M. This will be applied to the secondary-side operation 
of the isolating converter transformer PIT shown in Fig. 
5. When the alternating voltage obtained at the second- 
ary winding N2 has a positive polarity, an operation that 
causes rectified current to flow in the bridge rectifier cir- 
cuit DBR can be considered a +M operation mode, or 
forward operation, whereas when the alternating volt- 
age obtained at the secondary winding N2 has a nega- 
tive polarity, an operation that causes rectified current 
to flow in the bridge rectifier diode DBR can be consid- 
ered a -M operation mode, or flyback operation. Every 
time the alternating voltage obtained at the secondary 
winding N2 becomes positive or negative, the operation 
mode of the mutual inductance becomes +M or -M, re- 
spectively. 

[0010] With such a configuration, power increased by 
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effects of the primary-side parallel resonant circuit and 
the secondary-side parallel resonant circuit is supplied 
to a load side, and accordingly the power supplied to the 
load side is increased as much, thereby improving a rate 
of increase of maximum load power. This is achieved 5 
because as described with reference to Fig. 5, the gap 
G is formed in the isolating converter transformer PIT to 
provide loose coupling at a required coupling coefficient, 
and thereby a saturated state is not readily obtained. 
[001 1] A base of the switching device Q1 is connected 
to a positive electrode side of the smoothing capacitor 
Ci via a base current limiting resistance RB and a start- 
ing resistance RS, so that base current at the start of 
power supply is taken from a line of the rectified and 
smoothed voltage. A clamp diode DD inserted between 
the base of the switching device Q1 and a primary-side 
ground forms a path of clamp current that flows during 
the off period of the switching device Q1. The collector 
of the switching device Q1 is connected to one end of 
the primary winding N1 of the isolating converter trans- 
former PIT, while an emitter of the switching device Q1 
is grounded. 

[0012] A parallel resonant capacitor Cr is connected 
in parallel with the collector and emitter of the switching 
device Q1 . Also in this case, capacitance of the parallel 
resonant capacitor Cr and leakage inductance L1 of the 
primary winding N1 side of the isolating converter trans- 
former PIT form a primary-side parallel resonant circuit 
of the voltage resonance type converter. 
[0013] An orthogonal type control transformer PRT 
shown in Fig. 5 is a saturable reactor provided with the 
resonance current detecting winding ND, a driving wind- 
ing NB, and a control winding NC. The orthogonal type 
control transformer PRT is provided to drive the switch- 
ing device Q1 and effect control for constant voltage. 
The structure of the orthogonal type control transformer 
PRT is a cubic core, not shown in the figure, formed by 
connecting two cores each having four magnetic legs 
with each other at ends of the magnetic legs. The reso- 
nance current detecting winding ND and the driving 
winding NB are wound around two magnetic legs of the 
cubic core in the same winding direction, and the control 
winding NC is wound in a direction orthogonal to the res- 
onance current detecting winding ND and the driving 
winding NB. 

[0014] In this case, the resonance current detecting 
winding ND of the orthogonal type control transformer 
PRT is inserted in series between the positive electrode 
of the smoothing capacitor Ci and the primary winding 
N1 of the isolating converter transformer PIT, so that the 
switching output of the switching device Q1 is transmit- 
ted to the resonance current detecting winding ND via 
the primary winding N1. The switching output obtained 
by the resonance current detecting winding ND of the 
orthogonal type control transformer PRT is induced in 
the driving winding NB via transformer coupling, where- 
by an alternating voltage is generated as driving voltage 
in the driving winding NB. The driving voltage is output- 



ted as driving current to the base of the switching device 
Q1 from a series resonant circuit of NB and CB, which 
forms a self-oscillation driving circuit, via the base cur- 
rent limiting resistance RB. Thus, the switching device 
Q1 performs switching operation at a switching frequen- 
cy determined by the resonance frequency of the series 
resonant circuit. Then the switching output obtained at 
the collector of the switching device Q1 is transmitted to 
the primary winding N1 of the isolating converter trans- 
former PIT. 

[001 5] A half-wave rectifier circuit comprising a diode 
DO and a smoothing capacitor CO is provided for the sec- 
ondary winding N2 on the secondary side of the power 
supply circuit, so that a secondary-side direct-current 
output voltage E0 is obtained by half-wave rectifying op- 
eration that comprises only a forward operation. In this 
case, the secondary-side direct-current output voltage 
E0 is also inputted from a branch point to a control circuit 
1 , and the control circuit 1 uses the direct-current output 
voltage E0 as a detection voltage. 
[0016] The control circuit 1 variably controls induct- 
ance LB of the driving winding NB wound in the orthog- 
onal type control transformer PRT by changing the level 
of a control current flowing through the control winding 
NC according to change in the level of the secondary- 
side direct-current output voltage E0. This results in a 
change in resonance conditions of the series resonant 
circuit including the inductance LB of the driving winding 
NB in the circuit for self-oscillation driving of the switch- 
ing device Q 1 . This means an operation of changing the 
switching frequency of the switching device Q1, by 
which the secondary-side direct-current output voltage 
is stabilized. Also in such a configuration for constant- 
voltage control including the orthogonal type control 
transformer PRT, the switching converter on the primary 
side is of voltage resonance type, and therefore the 
power supply circuit performs operation by the complex 
control method, in which the power supply circuit varia- 
bly controls the switching frequency and at the same 
time controls the conduction angle of the switching de- 
vice within a switching cycle. 

[0017] Figs. 8A, 8B, 8C, 8D, 8E, and 8F are waveform 
diagrams showing operation of the power supply circuit 
shown in Fig. 5. Figs. 8A, 8B, and 8C each show oper- 
ation of the power supply circuit at an alternating input 
voltage VAC = 1 00 V and a maximum load power Pomax 
= 200 W. Figs. 8D, 8E, and 8F each show operation of 
the power supply circuit at an alternating input voltage 
VAC = 100 V and a minimum load power Pomin = 0 W, 
or no load. 

[0018] When the switching device Q1 performs 
switching operation on the primary side, the primary- 
side parallel resonant circuit performs resonant opera- 
tion during the period TOFF during which the switching 
device Q1 is turned off. Thus, as shown in Figs. 8A and 
8D, a parallel resonance voltage V1 across the parallel 
resonant capacitor Cr forms a sinusoidal resonance 
pulse waveform during the period TOFF. In the case of 
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the complex resonance type converter having a parallel 
resonant circuit as a secondary-side resonant circuit, 
the period TOFF during which the switching device Q1 
is turned off is fixed, while the period TON during which 
the switching device Q1 is turned on is changed, as 
shown in the figures. 

[0019] The voltage resonance type converter per- 
forms switching operation at the timing shown in the fig- 
ures on the primary side, and thereby the rectifier diode 
DO on the secondary side performs switching and rec- 
tifying operation on the alternating voltage induced in 
the secondary winding N2. In this case, as shown in 
Figs. 8B and 8E, a voltage Vo across the secondary 
winding N2 is clamped at a level of the secondary-side 
direct-current output voltage E0 during a period DON 
during which the rectifier diode DO is turned on, while 
the voltage Vo forms a sinusoidal pulse waveform in a 
direction of negative polarity due to resonance effect of 
the secondary-side parallel resonant circuit during a pe- 
riod DOFF during which the rectifier diode DO is turned 
off. As shown in Figs. 8C and 8F, a secondary-side rec- 
tified current 1 0 to be stored in the smoothing capacitor 
CO via the rectifier diode DO steeply rises at the start of 
the period DON and thereafter gradually lowers its level, 
thus forming substantially a sawtooth waveform. 
[0020] A comparison of Fig. 8A with Fig. 8D indicates 
that switching frequency fs is controlled so as to rise as 
load power Po is decreased, and the switching frequen- 
cy fs is changed while fixing the period TOFF at a con- 
stant length and changing the period TON, during which 
the switching device Q1 is turned on. 
[0021] The voltage resonance type converter formed 
as shown in Fig. 5 changes the level of the parallel res- 
onance voltage V1 according to variation in load power. 
For example, the parallel resonance voltage V1 is 550 
Vp at a maximum load power Pomax = 200 W, whereas 
the parallel resonance voltage V1 becomes 300 Vp at 
a minimum load power Pomin = 0 W. This means that 
the parallel resonance voltage V1 has a tendency to rise 
as the load power becomes heavier. Similarly, the peak 
level of the voltage Vo across the secondary winding N2 
obtained during the period DOFF has a tendency to in- 
crease as the load power becomes heavier. In this case, 
the voltage Vo is 450 Vp at a maximum load power 
Pomax = 200 W, whereas the voltage Vo is 220 Vp at a 
minimum load power Pomin = 0 W. 
[0022] As characteristics of the power supply circuit 
shown in Fig. 5, Fig. 9 shows characteristics of varia- 
tions in the switching frequency fs, the period TOFF and 
the period TON within a switching cycle, and the parallel 
resonance voltage V1 with respect to the alternating in- 
put voltage VAC at a maximum load power Pomax = 200 
W. 

[0023] Fig. 9 shows that the switching frequency fs is 
changed within a range of fs = 110 KHz to 140 KHz for 
the alternating input voltage VAC = 90 V to 140 V. This 
indicates an operation of stabilizing variation in the sec- 
ondary-side direct-current output voltage E0 according 



to variation in direct-current input voltage. As for varia- 
tion in the alternating input voltage VAC, the switching 
frequency is controlled so as to rise as the level of the 
alternating input voltage VAC is increased. 

5 [0024] As for the period TOFF and the period TON 
within one switching cycle, the period TOFF is constant, 
as contrasted with the switching frequency fs, whereas 
the period TON is reduced so as to form a quadratic 
curve as the switching frequency fs is increased. This 

10 also indicates an operation for controlling the switching 
frequency by the complex control method. 
[0025] The parallel resonance voltage V1 also chang- 
es according to variation in the commercial alternating- 
current power VAC; as shown in Fig. 9, the level of the 

15 parallel resonance voltage V1 rises as the alternating 
input voltage VAC is increased. 

[0026] Fig. 10 shows another example of a complex 
resonance type switching converter provided with a se- 
ries resonant circuit on the secondary side. As in the 

20 case of the power supply circuit shown in Fig. 5, the pow- 
er supply circuit of Fig. 10 is provided with a self-excited 
voltage resonance type converter that performs single- 
ended operation on the primary side. 
[0027] Also in this case, a series resonant capacitor 

25 Cs is connected in series with a starting point of a sec- 
ondary winding N2 on the secondary side of the power 
supply circuit to form a secondary-side series resonant 
circuit. The power supply circuit in this case is provided 
with a bridge rectifier circuit DBR as a secondary-side 

30 rectifier circuit. The starting point of the secondary wind- 
ing N2 is connected to a positive electrode input terminal 
of the bridge rectifier circuit DBR via the series resonant 
capacitor Cs, and the starting point of the secondary 
winding N2 is connected to a negative electrode input 

35 terminal of the bridge rectifier circuit DBR. 

[0028] In this circuit configuration, an alternating volt- 
age obtained in the secondary winding N2, that is, res- 
onance output of the secondary-side series resonant 
circuit is subjected to full-wave rectification by the bridge 

40 rectifier circuit DBR, and then stored in a smoothing ca- 
pacitor CO, whereby a secondary-side direct-current 
output voltage E0 is obtained. 

[0029] Also in this case, the secondary-side direct- 
current output voltage E0 is inputted from a branch point 

45 to a control circuit 1 , and the control circuit 1 uses the 
inputted direct-current output voltage E0 as a detection 
voltage for constant- voltage control. 
[0030] Figs. 11A, 11B, 11C, 11D, 11E, and 11F are 
waveform diagrams showing operation of the power 

50 supply circuit shown in Fig. 10. Figs. 11 A, 11 B, and 11 C 
each show operation of the power supply circuit at an 
alternating input voltage VAC = 100 V and a maximum 
load power Pomax = 200 W. Figs. 11D, 11 E, and 11 F 
each show operation of the power supply circuit at an 

55 alternating input voltage VAC = 100 V and a minimum 
load power Pomin = 0 W, or no load. 
[0031] As shown in Figs. 11 A and 11D, a parallel res- 
onance voltage V1 obtained across the parallel reso- 
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nant capacitor Cr by switching operation of a switching 
device Q1 forms a sinusoidal resonance pulse wave- 
form during a period TOFF. In the case of the complex 
resonance type converter having a series resonant cir- 
cuit as a secondary-side resonant circuit, the period 
TOFF during which the switching device Q1 is turned off 
is changed, as shown in the figures. 
[0032] Waveforms of Figs. 1 1 A and 1 1 D show that al- 
so in this case, switching frequency fs is controlled so 
as to rise as load power Po is decreased. Also, the 
switching frequency fs (switching cycle) is changed by 
varying a period TON during which the switching device 
Q1 is turned on within one switching cycle. 
[0033] The circuit formed as shown in Fig. 10 has a 
tendency to raise the level of the parallel resonance volt- 
age V1 as the load power becomes heavier. In this case, 
the parallel resonance voltage V1 is 580 Vp at a maxi- 
mum load power Pomax = 200 W, whereas the parallel 
resonance voltage V1 is 380 Vp at a minimum load pow- 
er Pomin = 0 W. 

[0034] As shown in Figs. 11 B and 11 E, a switching 
output current IQ1 flowing through a drain or a collector 
of the switching device Q1 is in synchronism with timing 
of the periods TOFF and TON. Specifically, the switch- 
ing output current IQ1 is at a zero level during the period 
TOFF, and the switching output current IQ1 flows in a 
manner shown by the waveforms of Figs. 11 B and 11 E 
during the period TON. Also in the case of this circuit 
configuration, the switching output current IQ1 has a 
tendency to increase as the load power Po becomes 
heavier. In this case, the switching output current IQ1 is 
3.6 A at a maximum load power Pomax = 200 W, where- 
as the switching output current IQ1 is 0.3 A at a minimum 
load power Pomin = 0 W. 

[0035] Operation on the secondary side is shown as 
a voltage V0 across the secondary winding N2 in Figs. 
11 C and 11F. According to the figures, the voltage pro- 
vides a rectangular pulse clamped at the level of the sec- 
ondary-side direct-current output voltage E0 during the 
period DON at a maximum load power Pomax = 200 W, 
while at a minimum load power Pomin = 0 W, the voltage 
provides a sine wave having a switching cycle of the pri- 
mary side and whose peak level is clamped at the level 
of the secondary-side direct-current output voltage E0. 
[0036] As characteristics of the power supply circuit 
shown in Fig. 10, Fig. 12 shows characteristics of vari- 
ations in the switching frequency fs, the period TOFF 
and the period TON within a switching cycle, and the 
parallel resonance voltage V1 with respect to alternating 
input voltage VAC at a maximum load power Pomax = 
200 W. 

[0037] Fig. 12 shows that the switching frequency fs 
is changed within a range of fs = 110 KHz to 160 KHz 
for the alternating input voltage VAC = 90 V to 140 V. 
This indicates an operation of stabilizing variation in the 
secondary-side direct-current output voltage E0 accord- 
ing to variation in direct-current input voltage. Also in 
this case, the switching frequency is controlled so as to 



rise as the level of the alternating input voltage VAC is 
increased. 

[0038] Under conditions of a constant load, for exam- 
ple, the period TOFF within one switching cycle is con- 
5 stant, as contrasted with the switching frequency fs, 
whereas the period TON within one switching cycle is 
reduced as the switching frequency fs is increased. This 
also indicates an operation for controlling the switching 
frequency by the complex control method. 
[0039] As shown in Fig. 12, the parallel resonance 
voltage V1 changed according to variation in commer- 
cial alternating-current power VAC is lowered to about 
600 V as the alternating input voltage VAC is increased 
within a range of the alternating input voltage VAC = 80 
to 1 00 V, and the parallel resonance voltage V1 is raised 
for the alternating input voltage VAC = more than 1 00 V. 
[0040] The power supply circuit shown in Fig. 5 has 
the following problems. For example, the peak level of 
the parallel resonance voltage V1 is changed according 
to load conditions and variation in the alternating input 
voltage VAC, as is shown in Fig. 8. When the level of 
the alternating input voltage VAC as the 1 00-V commer- 
cial alternating-current power AC for example rises to 
140 V under conditions of a heavy load approximating 
the maximum load power, in particular, the parallel res- 
onance voltage V1 rises to 700 Vp at the maximum. 
[0041] Therefore, in order to deal with a 100-V com- 
mercial alternating-current power AC, a product having 
a withstand voltage of 800 V needs to be selected for 
the parallel resonant capacitor Cr and the switching de- 
vice Q1 supplied with the parallel resonance voltage V1 , 
while in order to deal with a 200-V commercial alternat- 
ing-current power AC, a product having a withstand volt- 
age of 1 200 V needs to be selected for the parallel res- 
onant capacitor Cr and the switching device Q1 . This 
results in large size of both the parallel resonant capac- 
itor Cr and the switching device Q1 , and hence their cost 
is also increased. 

[0042] Characteristics of the switching device are de- 
graded as its withstand voltage becomes higher. For ex- 
ample, a BJT (Bipolar Junction Transistor) as the switch- 
ing device will increase its saturation voltage, storage 
time, fall time, and the like. Thus, a product having a 
high withstand voltage selected for the switching device 
Q1 increases power loss resulting from switching oper- 
ation, and also reduces power conversion efficiency. 
[0043] In cases where the secondary-side direct-cur- 
rent output voltage is stabilized by the complex control 
method, when an abnormal condition of a short circuit 
in the load on the secondary side occurs, the control sys- 
tem of the power supply circuit operates so as to lower 
the switching frequency. As is understood from the 
waveforms shown in Fig. 8, in a condition of a low 
switching frequency, the period TON during which the 
switching device is turned on is lengthened, and there- 
fore the levels of the voltage V1 and the currents applied 
to the switching device Q1 and the parallel resonant ca- 
pacitor Cr, for example, are increased. Thus, in order to 
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deal with a short-circuited load, it is necessary to provide 
the power supply circuit with an overvoltage protection 
circuit and an overcurrent protection circuit for protect- 
ing the switching device by limiting a high level of voltage 
and current generated at the time of the short circuit. 5 
Provision of the overvoltage protection circuit and the 
overcurrent protection circuit also hinders reduction of 
size and cost of the power supply circuit. 
[0044] In order to solve the problems described 
above, according to the present invention, there is pro- 
vided a switching power supply circuit comprised as fol- 
lows. The switching power supply circuit according to 
the present invention comprises a switching means in- 
cluding a main switching device for interrupting an in- 
putted direct-current input voltage for output; a primary- 
side parallel resonant capacitor for forming a primary- 
side parallel resonant circuit that converts operation of 
the switching means into voltage resonance type oper- 
ation; and an isolating converter transformer for trans- 
mitting an output of the switching means obtained on a 
primary side of the isolating converter transformer to a 
secondary side thereof, the isolating converter trans- 
former being formed so as to have loose coupling at a 
required coupling coefficient between the primary side 
and the secondary side. The switching power supply cir- 
cuit according to the present invention further comprises 
a secondary-side resonant circuit formed by connecting 
a secondary-side resonant capacitor to a secondary 
winding of the isolating converter transformer; a direct- 
current output voltage generating means for rectifying 
an alternating voltage inputted from the secondary wind- 
ing of the isolating converter transformer and thereby 
providing a secondary-side direct-current output volt- 
age; and a switching driving means for effecting control 
for constant voltage by driving the switching means for 
switching operation such that switching frequency of the 
switching means is variably controlled according to level 
of the secondary-side direct-current output voltage, and 
at the same time an on period of the switching means 
within one switching cycle is variably controlled while an 
off period thereof is fixed. The switching power supply 
circuit according to the present invention further in- 
cludes an active clamp means for clamping a primary- 
side parallel resonance voltage generated across the 
primary-side parallel resonant capacitor, the active 
clamp means including an auxiliary switching device 
that is driven to perform switching operation during the 
off period of the switching means. 
[0045] This configuration is that of a so-called com- 
plex resonance type switching converter provided with 
a primary-side parallel resonant circuit for forming a volt- 
age resonance type converter on the primary side and 
a secondary-side resonant circuit formed by a second- 
ary winding and a secondary-side resonant capacitor on 
the secondary side. Control for constant voltage is ef- 
fected by variably controlling the switching frequency of 
the switching means such that the off period of the 
switching means within one switching cycle is fixed and 



the on period of the switching means is changed. The 
switching power supply circuit is provided on the primary 
side with the active clamp means for clamping the par- 
allel resonance voltage generated during the off period 
of the switching means, and thereby lowers the level of 
the parallel resonance voltage. Therefore, products 
having lower withstand voltage may be used for compo- 
nents such as the switching devices and the primary- 
side parallel resonant capacitor. 
[0046] Embodiments of the present invention will now 
be described by way of non-limitative example with ref- 
erence to the drawings, in which: 

Fig. 1 is a circuit configuration diagram of a switch- 
ing power supply circuit according to a first embod- 
iment of the present invention; 
Figs. 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 21, 2J, 2K, 2L, 
2M, 2N, 20, and 2P are waveform diagrams show- 
ing operations of main parts in the switching power 
supply circuit of Fig. 1 ; 

Fig. 3 is a circuit configuration diagram of a switch- 
ing power supply circuit according to a second em- 
bodiment of the present invention; 
Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G, 4H, 41, 4J, 4K, 4L, 
4M, 4N, 40, and 4P are waveform diagrams show- 
ing operations of main parts in the switching power 
supply circuit of Fig. 3; 

Fig. 5 is a circuit diagram showing a configuration 
example of a prior art switching power supply cir- 
cuit; 

Fig. 6 is a sectional view of an isolating converter 
transformer in Fig. 5; 

Figs. 7A and 7B are equivalent circuit diagrams of 
assistance in explaining operations when mutual in- 
ductance of the isolating converter transformer of 
Fig. 6 is +M and -M; 

Figs. 8A, 8B, 8C, 8D, 8E, and 8F are waveform di- 
agrams showing operation of the switching power 
supply circuit shown in Fig. 5; 
Fig. 9 is a diagram of assistance in explaining char- 
acteristics of the switching power supply circuit 
shown in Fig. 5 with respect to alternating input volt- 
age; 

Fig. 10 is a circuit diagram showing another config- 
uration example of a prior art switching power sup- 
ply circuit; 

Figs. 11A, 11B, 11C, 11D, 11E, and 11F are wave- 
form diagrams showing operation of the switching 
power supply circuit shown in Fig. 10; and 
Fig. 12 is a diagram of assistance in explaining 
characteristics of the switching power supply circuit 
shown in Fig. 10 with respect to alternating input 
voltage. 

[0047] Fig. 1 is a circuit configuration diagram of a 
power supply circuit according to a first embodiment of 
the present invention. The power supply circuit shown 
in Fig. 1 is a complex resonance type switching convert- 
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er provided with a voltage resonance type converter on 
the primary side and a parallel resonant circuit on the 
secondary side. The primary-side voltage resonance 
type converter has a single-ended configuration includ- 
ing one switching device. In the power supply circuit 
shown in the figure, the same parts as in Fig. 5 are iden- 
tified by the same reference numerals, and their descrip- 
tion will be omitted. 

[0048] As in Fig. 5, the power supply circuit shown in 
Fig. 1 is provided on the primary side with a self-excited, 
single-ended voltage resonance type converter and an 
orthogonal type control transformer PRT to effect con- 
trol for constant voltage by the complex control method. 
An active clamp circuit 20A that operates by self-exci- 
tation is provided for the above configuration. 
[0049] The active clamp circuit 20A is provided with a 
BJT (Bipolar Junction Transistor), for example, as an 
auxiliary switching device Q2. A collector of the auxiliary 
switching device Q2 is connected to a starting point of 
a primary winding N1 via a clamp capacitor CCL. In this 
case, the starting point of the primary winding N1 is con- 
nected to a positive terminal of a smoothing capacitor 
Ci via a current detecting winding ND. An emitter of the 
auxiliary switching device Q2 is connected to a collector 
of a switching device Q1 . A base of the auxiliary switch- 
ing device Q2 is connected with a self-oscillation driving 
circuit formed by connecting a base current limiting re- 
sistance RB1, a resonant capacitor CB2, and a driving 
winding LB2 in series with each other. One end of the 
driving winding LB2 is connected to an ending point of 
a detecting winding N1 A of an isolating converter trans- 
former PIT. The detecting winding N1A is provided by 
winding a wire several turns from an ending point of the 
primary winding N1 of the isolating converter transform- 
er PIT, and outputs an alternating voltage induced by 
the primary winding N1 to the self-oscillation driving cir- 
cuit. Since the ending point of the detecting winding N1 A 
is connected to the self-oscillation driving circuit, a driv- 
ing current of opposite polarity from the main switching 
device Q1 flows through the base of the auxiliary switch- 
ing device Q2. A clamp diode that forms a path of a 
clamp current flowing when the auxiliary switching de- 
vice Q2 is turned on is connected in parallel with the 
base and emitter of the auxiliary switching device Q2. 
[0050] On the secondary side of the power supply cir- 
cuit of Fig. 1, a secondary-side direct-current output 
voltage E01 is inputted from a branch point to a control 
circuit 1 as a detection voltage, and a secondary-side 
direct-current output voltage E02 lower than the second- 
ary-side direct-current output voltage E01 is supplied as 
operating power to the control circuit 1 . 
[0051] Figs. 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 21, 2J, 
2K, 2L, 2M, 2N, 20, and 2P show operating waveforms 
of main parts in the power supply circuit of Fig. 1 . Figs. 
2A to 2H show operations of parts in the circuit under 
conditions of an alternating input voltage VAC = 100 V 
and a maximum load power of 200 W. Figs. 21 to 2P 
show operations of the parts under conditions of an al- 



ternating input voltage VAC = 1 00 V and a minimum load 
power of 20 W. 

[0052] The operations at the maximum load power of 
200 W shown in Figs. 2A to 2H will be described. When 

5 the main switching device Q1 is controlled to be in an 
on state, a switching driving current IB1 from a self-os- 
cillation driving circuit flows in a manner as shown in Fig. 
2C. Specifically, the current IB1 is at a zero level during 
a period TOFF1, and supplies a current having a wave- 

10 form shown in Fig. 2C to the base of the main switching 
device Q1 during a period TON1. The main switching 
device Q1 thereby repeats switching operation such that 
the main switching device Q1 is in an on state during 
the period TON1 and is in an off state during the period 

15 TOFF 1 in one switching cycle. 

[0053] As shown in Fig. 2B, a collector current Icp 
flowing through the collector of the main switching de- 
vice Q1 is at a zero level during the period TOFF1 . Dur- 
ing the period TON1, a clamp current in a negative di- 

20 rection initially flows and thereafter a switching current 
in a positive direction having a waveform as shown in 
the figure flows from the collector through the emitter of 
the main switching device Q1 . A parallel resonance volt- 
age V1 is at a zero level during the period TON1, and 

25 forms a pulse waveform as shown in Fig. 2A during the 
period TOFF1. 

[0054] A base current IB2 having a waveform shown 
in Fig. 2F flows from its self-oscillation driving circuit to 
the base of the auxiliary switching device Q2. A com- 

30 parison of Fig. 2F with Fig. 2C indicates that the current 
IB2 and the base current IB1 of the main switching de- 
vice are timed to become opposite to each other in po- 
larity. Hence, the auxiliary switching device Q2 performs 
switching operation such that the auxiliary switching de- 

35 vice Q2 is on during a period TON2 within the period 
TOFF1, during which the main switching device Q1 is 
turned off, and the auxiliary switching device Q2 is off 
during a remaining period TOFF2 within one switching 
cycle. In short, the main switching device Q1 and the 

40 auxiliary switching device Q2 are timed to perform on/ 
off operation substantially alternately. This operation is 
also indicated by waveforms of a voltage V2 across the 
auxiliary switching device Q2 shown in Fig. 2D and a 
collector current IQ2 of the auxiliary switching device 

45 Q2, for example. The voltage V2 across the auxiliary 
switching device Q2 is at a zero level during the period 
TON2 and forms a pulse waveform as shown in the fig- 
ure during the period TOFF2. The collector current IQ2 
is at a zero level during the period TOFF2, and has a 

50 waveform that indicates a discharged current flowing 
from the clamp capacitor CCL to the primary winding N1 
followed by a current flowing from the clamp capacitor 
CCL to the emitter via the collector during the period 
TON2. 

55 [0055] The auxiliary switching device Q2 thus per- 
forms switching operation, whereby the levels of the par- 
allel resonance voltage V1 shown in Fig. 2A and the volt- 
age V2 across the auxiliary switching device Q2 shown 
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in Fig. 2D are clamped to lower their peak levels. 
[0056] As operation on the secondary side, Fig. 2G 
shows a secondary-side alternating voltage Vo and Fig. 
2H shows a secondary-side rectified current lo. 
[0057] At the minimum load power, the operating 
waveforms of the parts shown in Figs. 2Ato 2H become 
as shown in Figs. 21 to 2P, respectively. For example, a 
comparison of Fig. 21 with Fig. 2A indicates that the 
switching operation of the main switching device Q1 is 
controlled by the complex control method. Specifically, 
the switching operation of the main switching device Q1 
is controlled in such a manner that as the load becomes 
lighter, the switching frequency of the main switching de- 
vice Q1 is raised, and at the same time the period TON1 
within one switching cycle is shortened while the period 
TOFF1 is fixed. In synchronism with such control, the 
switching frequency of the auxiliary switching device Q2 
is variably controlled such that as the load becomes 
lighter, the switching frequency of the auxiliary switching 
device Q2 is raised by shortening the period TOFF2 of 
the auxiliary switching device Q2 while the period TON2 
is fixed. Under such a light load, as in the case of a heavy 
load, the peak levels of the primary-side parallel reso- 
nance voltage V1 and the voltage V2 across the auxil- 
iary switching device Q2 are suppressed. 
[0058] Fig. 3 is a circuit configuration diagram of a 
power supply circuit according to a second embodiment 
of the present invention. In the figure, the same parts as 
in Fig. 1 are identified by the same reference numerals, 
and their description will be omitted. 
[0059] The power supply circuit shown in Fig. 3 is pro- 
vided on the primary side with a self-excited, single-end- 
ed voltage resonance type converter, and further an ac- 
tive clamp circuit 20A is provided for the voltage reso- 
nance type converter. In this respect, the power supply 
circuit of Fig. 3 has the same configuration as the power 
supply circuit shown in Fig. 1 . The power supply circuit 
of Fig. 3 is also configured as a complex resonance type 
switching converter; the power supply circuit has a volt- 
age doubler rectifier circuit including a secondary-side 
series resonant capacitor Cs on the secondary side. 
Thus, the power supply circuit as a complex resonance 
type switching converter has a parallel resonant circuit 
for the voltage resonance type converter on the primary 
side and a series resonant circuit on the secondary side. 
[0060] Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G, 4H, 41, 4J, 
4K, 4L, 4M, 4N, 40, and 4P show operating waveforms 
of the power supply circuit configured as shown in Fig. 
3. Specifically, Figs. 4A to 4H show operations of the 
parts (V1, Icp, IB1, V2, IQ2, IB2, Vo, and lo) under con- 
ditions of an alternating input voltage VAC = 100 V and 
a maximum load power Pomax = 200 W. Figs. 41 to 4P 
show operations of the same parts as those of Figs. 4A 
to 4H under conditions of an alternating input voltage 
VAC = 100 V and a minimum load power Pomin = 20 W. 
[0061] The operating waveforms of the parts on the 
primary side shown in Figs. 4A to 4E and Figs. 41 to 4N 
are substantially the same as those shown in Figs. 2A 



to 2E and Figs. 21 to 2N. Thus, the active clamp circuit 
20A in the power supply circuit of Fig. 3 operates so as 
to suppress the peak levels of a parallel resonance volt- 
age V1 and a voltage V2 across an auxiliary switching 

5 device Q2. 

[0062] It is to be noted that embodiments of the 
present invention are not limited to the configurations 
shown in the drawings. For example, as the switching 
device and the auxiliary switching device that play a 

10 main role in the embodiments described above, BJTs 
(Bipolar Junction Transistors) are used; however, other 
devices may also be employed. Also, configuration of 
the switching driver for self-excitation does not need to 
be limited to those shown in the drawings; it may be 

15 modified into an appropriate circuit configuration as re- 
quired. The rectifier circuit on the secondary side includ- 
ing the secondary-side resonant circuit is not limited to 
the configurations shown in the drawings as embodi- 
ments of the present invention; the rectifier circuit may 

20 employ different circuit configurations. 



Claims 

25 1 . A switching power supply circuit comprising: 

switching means including a main switching de- 
vice for interrupting an inputted direct-current 
input voltage for output; 

30 a primary-side parallel resonant capacitor for 

forming a primary-side parallel resonant circuit 
that converts operation of said switching means 
into voltage resonance type operation; 
an isolating converter transformer for transmit- 

35 ting an output of said switching means obtained 

in a primary winding of the isolating converter 
transformer to a secondary winding thereof, the 
isolating converter transformer being formed so 
as to have loose coupling at a required coupling 

40 coefficient between the primary winding and 

the secondary winding; 

a secondary-side resonant circuit formed by 
connecting a secondary-side resonant capaci- 
tor to the secondary winding of said isolating 

45 converter transformer; 

a direct-current output voltage generating 
means for rectifying an alternating voltage in- 
putted from the secondary winding of said iso- 
lating converter transformer and thereby pro- 

50 viding a secondary-side direct-current output 

voltage; 

switching driving means for effecting control for 
constant voltage by driving said switching 
means for switching operation such that switch- 
55 ing frequency of said switching means is varia- 

bly controlled according to level of said second- 
ary-side direct-current output voltage, and at 
the same time an on period of said switching 
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means within one switching cycle is variably 
controlled while an off period thereof is fixed; 
and 

active clamp means for clamping a primary- 
side parallel resonance voltage generated 5 
across said primary-side parallel resonant ca- 
pacitor, the active clamp means including an 
auxiliary switching device that is driven for 
switching operation such that the auxiliary 
switching device and said switching means per- 10 
form on/off operation substantially alternately. 

The switching power supply circuit as claimed in 
claim 1, 

wherein the secondary-side resonant capac- is 
itor is connected in parallel or in series with the sec- 
ondary winding of said isolating converter trans- 
former. 

The switching power supply circuit as claimed in 20 
claim 1 or 2, wherein said switching driving means 
comprises. 

an orthogonal transformer having a detecting 
winding for detecting a resonance current; a 25 
driving winding for driving said switching 
means; and a control winding wound in a direc- 
tion orthogonal to said detecting winding and 
said driving winding; 

wherein inductance of said driving winding is 30 
changed by changing a current flowing in said 
control winding according to a level of said sec- 
ondary-side direct current output voltage, 
whereby the switching frequency of said 
switching means is variably controlled. 35 
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